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An infectious agent has been suspected for a long time of being the etiologic
factor in pemphigus. To date no conclusive proof of such a genesis for this
disease has been recorded. The investigations described in this communication
support the hypothesis of the specificity of a streptococcus isolated from patients
who had pemphigus.
REVIEW OF LITERATURE
Hypotheses concerning the etiology of pemphigus can be grouped under the following
headings: (1) a chronic infectious disease; (2) a neuropathic disease; (3) a metabolic toxic
dermatosis, and (4) a disease owing to disturbance of internal secretions. E. Riecke (29),
in his monograph on pemphigus, published in 1931, reviewed the literature on the etiology of
this disease under the above headings. Analysis of his review reveals the fact that no con-
elusive proof of any of the hypotheses mentioned above had been established up to that
time. Since that time little of significance has been recorded in support of any concept
regarding etiology except that of infection. As itiecke has mentioned, the idea of a filtrable
virus as an etiologic agent in pemphigus was suggested first by Lanford (20) as the result of
studies on the blister contents obtained from a patient who had pemphigus. He iijected
unfiltered blister fluid intradermally, intravenously, intracerebrally and intracorneally into
rabbits. These animals gave evidence of no signs or symptoms of disease but months later
they died owing to marasmus. Results of cultures of specimens from their tissues obtained
at necropsy were negative. Emulsions and filtrates of emulsions of their tissues when in-
jected into a second series of animals produced the same picture of marasmus in a few mem-
bers. Passage to a third series of animals is not reported. No paralysis or corneal lesions
were produced in the animals and inclusion bodies could not be demonstrated. TJrbach and
Reiss (47) in 1931 and Urbach and Wolfram (48—52), in 1933, in 1934 and in 1936 reported a
long series of experiments the results of which, they felt, supported the hypothesis that a
filtrable virus was the causative agent in both pemphigus and dermatitis herpetiformis.
They reported that progressive spinal paralysis, or severe marasmus and cachexia developed
in a large percentage of rabbits after a period of incubation following subcutaneous, in-
travenous, or subdural injections of filtered or unfiltered whole blood, blister fluid, or blood
serum obtained from patients who had pemphigus or had dermatitis herpetiformis. At
necropsy they found in these animals evidence of encephalomyelitis and meningitis. There
were present focal points of lymphocytic infiltration. They were able to transfer this
syndrome to some animals of a second series by injecting emulsions and filtrates of emulsions
of the tissues obtained from animals of the first series. Passage to a third series of animals
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was successful in a few instances. In addition to the animal transmission experiments,
IJrbach, Wolfram and Brandt (53) have reported that complement-fixing antibodies against
the supposed virus could be found in the blood of a large number of patients suffering from
pemphigus. Fleck and Goldschlag (10) found that the test was lacking in specificity, since
25 per cent of syphilitic serums gave a positive reaction with the antigen prepared by the
Viennese investigators. Moreover, they observed that serums giving a positive reaction
with the pemphigus rabbit brain antigen, reacted in the same manner with phenolized normal
rabbit brain as well as with phenolized starch or malt solutions. The relationship of rabies
virus to Urbach's rabbit pemphigus virus, described by Schweinberg and Wolfram (42), is
unconvincing. They found that not only did serums from patients who had pemphigus and
dermatitis herpetiformis neutralize their rabies virus, but so did their control serums from
patients who had herpes zoster, erythema multiforme, erythema annulare, mycosis fun.
goides and Darier's disease. A strain of rabies virus susceptible to neutralization by
serums from such diverse sources is certainly of doubtful value in establishing serologic
relationships. Werth (55) believes he has successfully infected rabbits by injections of
material from patients who had pemphigus into the anterior ocular chamber. The supposed
organisms were cultivated on chorion-allantoic media and could be demonstrated on stained
smears (Giemsa Stain and Victoria Blue). Lindenberg (22) reports on the successful
transmission of a supposed virus from patients who had a Brazilian dermatosis (Fogo Selva-
gem) similar to pemphigus. He has never been able to produce the central nervous system
syndrome which according to Urbach, is highly characteristic of pemphigus. It seems
likely that the agent described by Grace and Suskind (14, 15) belongs in the category of
spontaneous infection. Grace (15) has stated the belief that his virus is not the same as
that described by Urbach and that rabbits are unaffected by the agent which is isolated
from mice. They were able to isolate an agent from material from patients who had pem-
phigus by intracerebral injections into mice. The mice were first debilitated by exposing
them to x-ray. In their most recent publication, Grace and Suskind (15) stated that mice
recovered from infection, were not found to be resistent to reinfection by the same agent.
They have not reported any other immulogic work. The agent with which they are dealing,
appears to be decidedly pyogenic. This property is not consistent with the pathologic
changes of human pemphigus.' The massive polymorphonuclear infiltrations in their mice
are suggestive of the action of a virus recently described by Woglom and Warren (56).
Dostrovsky and Gurevitch (7) in a series of experiments similar to those of Urbach found
some facts duplicating those found by Urbach but also found contradictory facts as well.
Fleck and Goldschlag (9) with the technical assistance of Dr. Wolfram inoculated thirty-
four rabbits. Eleven of these were inoculated with material from patients who had pem-
phigus and twenty-three with material from patients who had other diseases or who were
normal. The instances of llrbach's paralysis were equal in the pemphigus test group and
in the control group. Fleck and Goldschlag (9) came to the conclusion that the method of
inoculation is a dangerous one and that many animals die as a result of trauma several days
after the inoculation is made. Since Urbach and Wolfram regarded the death of any animal
forty-eight or more hours after inoculation as resulting from pemphigus virus infection,
their high percentage of successful inoculations is more understandable. Castoldi (5), in
1932, was able to produce marasmus and paralysis ending in death in only one animal of
many into which was injected material obtained from one patient who had dermatitis
herpetiformis. Passage to a second series of animals was not attempted. Taniguchi (44)
and others, in 1934, studied material obtained from one patient who had pemphigus prurigi-
nosus. It is impossible from their report to know whether the patient had pemphigus or
whether he had dermatitis herpetiformis. They injected undiluted fluid obtained from
blisters into rabbits intratesticularly and by corneal scarification. No mention was made
of culture of this fluid for bacterial sterility. Twenty-four hours after injection was made
they noted the presence of keratoconjunctivitis and slight swelling and congestion of the
testes. By successive inoculations, changes in the testes became marked until finally severe
hemorrhagic orchitis developed. (This apparent increase in virulence with each passage
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through animals is exactly the reverse of the findings of Urbach and Wolfram who not only
did not find an increase of virulence on passage of their agent through animals but found a
decrease of virulence and observed complete disappearance of it on a second or third passage
through animals.) As a result of subdural inoculations with emulsions of testicular
material after the fourth passage through animals, paralysis of the extremities of a rab-
bit occurred. Paralysis appeared three or four days after the injection was made and
the animal died twenty-four hours later. By means of the eosin-Giemsa method of staining,
these authors observed in the corneal fossae many globoid microcorpuscles in the protoplasm
of the corneal epithelium. These were similar to the inclusion bodies of smallpox, of van-
cella and of herpes. These findings are at variance with those of Urbach and Wolfram who
could not find inclusion bodies. In blister fluid from the patient most of the microcorpus-
des were observed disseminated with the cellular debris and were found to be numerous in
relatively young vesicles. A most interesting observation of Taniguchi (44) and others was
that the microcorpuscles obtained from the blister fluid of the patient had a streptococcal
arrangement which differed from the arrangement of the microcorpuscles obtained from the
other viruses mentioned. The authors, on the basis of these findings believed that they had
demonstrated that a virus was the causative factor of pemphigus pruniginosus.
In contradistinction to these findings, Truffi (46), Radaeli (28), Eitner and Schramek (8),
Caterina (6), Grace (13), Markham and Engman (23), Lenartowicz (21), Carol (4), and many
other investigators have injected blood and blister fluid obtained from patients who had
pemphigus and dermatitis herpetiformis into animals in an effort to reproduce these dis-
eases, or in an effort to demonstrate toxins, but none record observations similar to those of
Urbacth and Reiss and Urbach and Wolfram. Bernhardt (1-3), in 1932, in 1933 and again in
1935, reported completely negative results from a large number of experiments in which the
technic of Urbach and Reiss were followed. Bernhardt contended that such experiments
entirely failed to prove that pemphigus is a disease caused by a filtrable virus. Markham
and Engman (23) attempted to demonstrate the presence of a filtrable virus in material
obtained from patients who had pemphigus by inoculation of the chonioallantoic membrane
of the developing chick, using the technic as developed by Goodpasture (12). The results
were entirely negative.
Following exactly the technic as described by Urbach and Wolfram, I injected fluid obtained
from blisters into forty-three rabbits and I injected blood serum ontained from five patients
who had pemphigus and from five patients who had dermatitis herpetiformis into twenty-
three rabbits. The material injected was examined carefully for bacterial sterility. The
rabbits were selected carefully and the fresh material, which was used in order to avoid
autolysis, was injected by subcutaneous, intravenous, intracerebral, and intracisternal
routes. Intracerbral injection into four animals of blister fluid (negative to culture) ob-
tained from patients who had pemphigus and injection into two animals of blister fluid
(negative to culture) obtained from patients who had dermatitis herpetiformis, resulted in
marasmus and death of the rabbits in six to ten days. Paralysis of the hind legs occurred in
two of the animals. Cultures in dextrose brain broth of specimens of the brains of these
animals obtained at necropsy yielded diphtheroids in two and micrococci in the other four
animals. These organisms grew slowly and were nonvirulent when injected intrave-
nously into rabbits. The negative results of cultures of the blister fluid given in these
animals probably resulted from the fact that only a few organisms were present in the
blister fluid and these of a type that grew slowly and were difficult to culture. The other
sixty animals remained well. Nothing suggestive of the presence of a virus was found in
this material, and, if it existed, I would suspect that it had some relation to a phase of a
streptococcus, as has been described in the case of other diseases by Rosenow (33, 38, 39).
Up to the present time, efforts to demonstrate a virus as the cause of pemphigus or of
dermatitis herpetiformis, have not been wholly successful. In addition, there are
certain clinical facts regarding these diseases that mitigate against a virus being the
etiologic agent.
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BACTERIOLOGIC STUDIES
In 1934 I made a preliminary report of studies on the specificity of a strepto-
coccus isolated from patients who had pemphigus (54). The purpose of the
present report is to record supplementary investigations made to date in support
of the earlier studies. It includes findings already described in the previous
publication with elaborations and, in addition, other experiments which lend
further support to the same premise.
TABLE 1
CULTURAL RESULTS OBTAINED IN TWENTY-THREE PATIENTS WHO HAD PEMPHIGUS
SOURCE OR MATERIAL CULTURED
Swabbingsfrom nab-
pharyox
Blood
.Blister Teeth
Necropsy
Spleen Liver
Patients from whom material was studied...
Patients from whom characteristic strepto-
coccus was recovered
Attempts to recover characteristic strepto-
coccus
Attempts resulting in recovery of character-
istic streptococcus
Pure cultures of characteristic streptococcus
obtained
22
22
88
55
76
22
16
57
33
63
14
1
143
1
1
2
2
5
3
11
1
1
1
1
1
1
0
1
0
0
* A total of 152 pure cultures of a characteristic streptococcus were isolated from the
above sources of materials obtained from these twenty-three patients who had pemphigus.
This report deals with bacteriologic studies of materials obtained from twenty-
three patients who had pemphigus. These materials consisted of blood, of
material from the nasopharynx, of fluid from blisters, of material from the apices
of infected teeth and of material obtained at necropsy The cultural results
obtained are recorded in table 1. A total of 152 pure cultures of a characteristic
streptococcus were obtained from these patients.
METHODS OF ISOLATING THE STREPTOCOCCUS
The technic used in isolating the streptococcus from the blood, from the nasopharynx
and from blister fluid has already been described (54). In connection with isolation of the
streptococcus from the blood, citrated blood obtained from patients who had pemphigus was
injected intraperitoneally, in amounts of 4 cc., into 164 mice; citrated blood obtained from
normal persons and from patients who had other cutaneous and systemic diseases was in-
jected into 135 mice. The results of these injections into mice are recorded in table 2.
Culturing the blood in anaerobic ampules (fig. 1) of Rosenow's (41) dextrose brain broth has
been the most satisfactory method of isolating the streptococcus from this material. The
streptococcus was obtained from infected teeth in cultures made from the apical ends of the
teeth, under sterile precautions, immediately after extraction in the manner described by
Rosenow (37).
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METHOD OF PRESERVING THE STREPTOCOCCUS
Pure primary cultures in dextrose brain broth, or the earliest possible rapidly obtained
subcultures in dextrose brain brOth of the streptococci obtained from the sources listed
above were snbcultured or resnbeultured into gallon bottles containing 0.2 per cent dextrose
broth,2 the entire fluid contents of one tube of dextrose brain broth culture or subculture
being used to inoculate one bottle. These bottle cultures were incubated at 37°C.for six-
teen to eighteen hours and the bacteria were then removed by centrifugation by means of a
continuous feed centrifuge. These bacteria were then suspended in a solution of glycerin
(two parts) and 25 per cent solution of sodium chloride (one part); 2 cc. of the resulting
solution were used to suspend the bacteria obtained from each liter of broth subculture.
Homogeneous suspensions were made by shaking the above mixtures with glass heads on a
shaking machine. These stock suspensions were stored in the refrigerator at a temperature
of 8°C.
TABLE 2
Results of intraperitoncal injections into mice of citrated blood obtained from patients who had
pemphi gas and other diseases
BLOOD PROM PATIENTS WRO NAD:
NUMBER
OP MICE
INJECTED
164
LIYED
35
DIED
129
CUL-
TUBES
NEGA-
TIYE
28
STREP- I
J PI TOCOC- I
I I
I CIJS I
J
I RECOY-
I IBRED I
53
CCL-
TUBES
CON-
TAMI-
NATED
25
Too
LONG
POST-
MORTEM
10
EATEN
BY
MATES
10
DIED
BY
ACCI-
DENT
3Pemphigus
Other diseases5 135 114 21 1 0 6 7 1 6
* Dermatitis l:arpetiformis (33), lupus erythematosus (35), crythema multiforma (32),
and miscellaneous diseases, including rat bite fever, pellagra, thrush, dermatitis medica-
mentosa, malignant arythrederma, aphthous stomatitis and normal individuals (35).
CHARACTERISTICS OF THE STREPTOCOCCUS
The pleomorphic morphology which is consistent with Changes in morphologic
Characteristics observed in other streptococci by Jensen and Morton (18),
Rosenow (30), Mellon (24, 25), and Koch and Mellon (19) has already been
described (54). The cultural characteristics and staining reactions of this
organism are also given in the preliminary report (54).
FcrmcnlGtion rcactions.—The early studies of fermentation reactions of this
streptococcus, as obtained in peptone broth with bromthymol blue as the indica-
tor, suggested that these reactions might be applied as a distinguishing character-
istic of this organism (54). Further fermentation reactions of a large number of
strains of the freshly isolated organism were determined and were found to be
consistent with all the heterologous strains tested. Dextrose, maltose, sucrose,
levulose, lactose, galactose and salicin were readily fermented by all strains.
ZOne thousand cc. of distilled water, 10gm. of peptone (Bacto),5 gm. of sodium chloride
and 3 gm. of beef extract (Lcibig's) are mixed and the mixture is boiled for twenty minutes.
The pH is adjusted to 7.6 and the mixture is boiled for ten minutes longer and then is filtered
through four tlncknessas of cotton and gauze, put in gallon bottles and sterilized for one
hour at 20 pounds pressure. Sterile dextrose (0.2 per cant) is added from a 60 par cant
sterile stock solution just before inoculation.
12 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
Mannitol and raffinose were fermented by most strains, but less readily than
were those previously mentioned. Inulin, arabinose, xylose, dulcite and inosite
were not fermented. These reactions were found to vary considerably if the
organisms were not tested when freshly isolated in primary pure culture or very
Fio. 1. CULTURE TUBE
o, after fusion of sterile, long glass rod to test tube containing inoculum and media;
b, after exhaustion with vacuum pump and after sealing off.
early after subculture had been rapidly developed. These fermentation reactions
were not found to be specific for this organism.
Determinations of cataphoretic mobility.—Determinations of cataphoretic mobil-
ity were made on the fresh dextrose brain broth cultures of the streptococcus
obtained from the blood, from the nasopharynges, and from the teeth of patients
a
__
I.
C 9
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who had pemphigus (both originally isolated Cultures and cultures obtained after
passage through animals), by means of the Mudd assembly of the Northrop-
Kunitx apparatus (fig. 2).
This apparatus coasists essentially of a microscope with the high dry objective focused
on the lower "neutral layer," or plane, of zero water velocity, in a flat glass cell more than
1 cm. wide having a constant vertical diameter of less than 1 mm., which is connected at
each end by glass tubes about 10cm. in length to a pair of zinc-zinc sulphate, nonpolarizable
electrodes. These same glass tubes, through two-way stopcocks, connect the cell with a
system for filling the chamber (fig. 3). When cataphoresis is conducted in the closed system,
the "neutral layers" or planes of zero water velocity are located in the position shown in the
Fie. 2. THE Muon A5SEMnLY OF THE NOHTHHOP-KUNITz APPARATUS
schematic diagram (fig. 4). Under the influence of the applied electric field, the electrical
layers in the water are given positive velocities to the cathode and drag the successive con-
tiguous layers of water along at progressively lesser velocities. The return stream of water
occurs in the middle of the cell. Hence, the suspended bacteria vary in their cataphoretic
mobilities at different layers in the cell, and the true mobility is cbservcd only in the
"neutral layers" (16, 17).
The microscopic focal plane at which the velocities were measured was situated above the
bottom of the cell at a distance of 0.21 times the total depth of the cell. The depth of the
cell is determined as follows: Fill the cell with distilled water; bring the calibrated head of
the fine adjustment screw to 0; focus the microscope on the inner surface of the floor of the
cell. Then turn the fine adjustment screw until the microscope is focused on the inner
surface of the ceiling of the cell, determining the depth of the cell chamber in units on the
head of the fine adjustment screw. The layer thus arrived at corresponds to the lower
"neutral layer" and is consistent with the Smoluchowski theory of endosmotic velocity and
narabolic flow. Once the cell is calibrated, to focus on the lower "neutral layer", one fills
the cell with distilled water, brings the calibrated head of the fine adjustment screw to 0 and
focuses the microscope on the inner surface of the floor of the cell. The fine adjustment
screw is then turned the calculated number of units. This focus is never chanmd unless it
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is accidentally altered, and then it is necessary to refocus in the above manner. The ocular
of the microscope contains a screen composed of identical squares, and projection of this
grating on the microscopic field furnishes measured distances over which the velocities of
the organisms can be observed.
Fic. 3. DIAGRAM OF CATAPrIORETIC CELL SHOWING CONNECTIONS WITH FILLING CHAMBER
OUTLET, ZINC-ZINC SULPHATE NONPOLARIZABLE ELECTRODES AND SOURCE OF CURRENT(Drawn by Dr. C. B. Pratt.)
I O&JECTV OF I
UICO$CpPE
F 4 + 4 CBUNGit iL
C—)ILRC1ROFC __________________________________________________ 1-4--) EL.CCTROOC
444.4
FLOOR OF OLMI CILL
FIG. 4. CATAPHORESIS CELL; SCHEMATIC DIAGRAM OF ENDOSMOTIC STREAMING AND
STATIONARY LAYERS IN A CLOSED SYSTEM (L. B. JENSEN)
A direct current of 118 to 120 volts is used in these studies. It is controlled from a switch-
board consisting of a reversible switch so that the polarity of the electrodes can be reversed
quickly. A volt meter is needed in the circuit to show that the applied voltage is constant,
and an ammeter is necessary to show that a current of less than 10 milliamperes in water is
flowing, indicating that the suspension is a poor conductor.
When not in use the cell is kept filled with distilled water which is kept on a shelf above
the apparatus in a ten-gallon glass bottle from which it is conducted through a glass siphon,
interrupted only by two boiled rubber connections, one whore the control clamp fits and the
nSO4
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other close to the neck of the bottle to allow flexibility. The bottles are ifiled from a large
storage tank lined with blocked tin, and are immediately stoppered. The zinc sulphate
around the electrodes must be changed frequently or it becomes too greatly diluted.
Actual measurements were made in the following manner, which is a slight modification
of that described by Rosenow (35, 36, 37): 1 cc. of the top portion of the primary dextrose
brain broth culture of the organism, after incubation for sixteen to eighteen hours at 35°C.
was carefully poured so as not to stir up the sediment into scrupulously clean test tubes
and centrifugated at 1400 revolutions a minute for five to seven minutes. The centrifuge
had a radius of 10 inches (25.4cm.). The supernatant fluid was drained off thoroughly, and
Cataphoretic time and mobility of streptococci isolated from the
nasopharynx, foci and blood of patientà having pemphigus
Source of streptococci
(read up)
Naeopharynx of well
persons (controls)
*(15,46,930)
After animal
(21,136,3144),, passage
.C0.
, As isolated
a)OO4-.E (21,94,1878)Or-4 alZ.c-4.o 0. 0.
42
c.
° °
40 -
30
20 -
40 -
30 -
10 -
20 -
40 -
30 -8
— I
Distribution of
mobilities
:
•
I4 :j
-
.
Time in seconds 2.0 3.0 4.0 5.0 6.0
Cataphoretic mobility;
microns per second, 3.45 2.30 1.72 1.38 1.15
volt per centimeter
The figures in parenthesis indicate respectively, the
number of strains, cultures and. streptococci timed in
each group.
Fin. 5. DISTRIBUTION Cuavxs OF TUE CATAPHORETIC TIME AND MOBILITY OF
STREPTOcoccI ISOLATED FROM TUE NASOPHARYNX, FROM FocI AND FROM TUE
BLOOD OF PATIENTS Wuo HAD PEMPHIGUS
the residue of bacteria was suspended in about 3cc. of distilled water by shaking vigorously.
This suspension was diluted by addition of 12 cc. of distilled water and was allowed to stand
ten minutes. Each tube was poured into the cataphoresis cell, taking care to avoid bubbles
and contact was established with the zinc-zince sulphate electrodes through the stopcocks
in the connecting tubes. The electric circuit was completed and the streptococci, being
negatively charged, were observed to move toward the anode. After finding that movement
of the bacteria was even and was not jerky and was the same in the opposite direction when
the current was reversed, the time of migration of twenty organisms traversing the distance
of two squares on the ocular micrometer, or a distance of 48.1 microns, was determined in
seconds and in quarters of a second by means of a good stop watch. The actual mobility
is derived from these readings by use of the following formula:
M ( blOt ) d (distance, 48.1 cm., over which organism is timed)mo 1 y t (time in seconds) v (effective voltage between the electrodes)
w (distance between the platinum electrodes at each end of the cell
between which the effective voltage is measured.)
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Measurements by Pratt and Sheard (27) have indicated a mean potential gradient (v/w) of
7.0 plus or minus 0.4 volts per centimeter for the field strength, or driving force, in the center
of the cataphoretic cell under the conditions of these experiments.
Hence,
M— d — 48.1 6.9—— t X v/w t X 7.0 — t
The room temperature at the time of these experiments was approximately 25°C. The
results of measurements of cataphoretic velocity are presented as distribution curves of
cataphoretic time. As the cataphoretic time increases there is, therefore, a reduction in
cataphoretic mobility and presumably in the net charge on the surface of the streptococcus
(fig. 5).
Rosenow (36, 37), Rosenow and Jensen (40) and others have demonstrated
that green-producing streptoccoci which have elective localization for the central
nervous system, an ectodermal structure, have a cataphoretic mobility of either
1.72 or 3.45. As is illustrated in figure 5, the two peaks in the mobility distribu-
tion curve of the streptococci which were isolated from the blood and from the
nasopharynges of patients who had pemphigus are at the same two points (1.72
and 3.45) on isolation and after passage through animals. After being subjected
to many subcultures, or after being subjected to few subcultures spaced several
hours apart, or after extended growth has occurred on laboratory media, these
organisms lose their characteristic cataphoretic mobility.
INJECTION INTO ANIMALS
The streptococcus obtained from patients who had pemphigus has been in-
jected into a group of 824 animals composed of mice, rats, guinea-pigs and rabbits
and into one monkey. The freshly isolated organism was found to be virulent
for animals of each of these species and produced lesions in a few of these animals
consistent with those of pemphigus (fig. 6). The results obtained in these 825
animals parallel so closely in type, in degree, and in incidence those already
reported in a smaller group of animals of the same species (54) that detailed
description of these findings seems unnecessary in this communication.
One additional observation deserves mention. A suspension of heat killed
streptococci (turbidity 500)' isolated from patients who had pemphigus was in-
.jected intravenously into rabbits. An amount equal to 0.5 cc. per 100 gm. of
body weight was used. The suspension contained material obtained from the
primary culture, or from the first subculture. These injections produced mul-
tiple hemorrhages in the skin in about 80 per cent of the series. Control strains
of green-producing streptococci isolated from patients who had arthritis, myositis,
tinea corporis and from normal persons failed to produce these lesions when these
organisms were treated and injected in like manner, into rabbits.
From an analysis of these results it is evident that one of the desired links in
the chain of Koch's postulates, that of experimental production of typical disease,
has not been observed regularly enough, or in a sufficiently typical form. It must
'U. S. Government turbidity standard—hereafter indicated by (T).
T.
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be realized, however, that animals, especially of lower species, may not be adapted
to the characteristic growth of this organism; that certain factors such as viru-
lence, cultural requirements, mode of inoculation and production of sensitiza-
tion may not have been optimal by the methods used in this study and, finally,
that there are a number of diseases of man of definite bacterial origin which, as
yet, have not been reproduced experimentally in animals.
FIG. 6. Hemorrhagic, bullous lesions in conjunctiva appearing forty-eight hours after
intravenous injection of a fresh strain of the steptococcus isolated from a patient who had
pemphigus into rabbit '245 in which, three weeks before, a focus had been established in
the tibia with a heterologous strain of the same streptococcus.
EXPERIMENTS TO ESTABLISH THE IDENTITY OF THE INDIVIDUAL STRAINS4 OF THE
STREPTOCOCCUS
Agglutination reactions with immune horse and with immune rabbit serums.—The
titer of agglutinins in the serums obtained from patients who had pemphigus was
found to be insufficient to demonstrate clearly cross-agglutination of the different
strains of the streptococcus. Therefore, each of thirteen rabbits was immunized
with a single strain, and a horse (97) was immunized for six weeks with a mixture
of seven strains of this organism by the methods already described (54).
The suspensions of streptococci for agglutination tests were made from the dense stock
suspensions. The dense suspensions were diluted in distilled water to about T 4,000, and a
sufficient amount of formaldehyde was added to the diluted suspensions to obtain a con-
41n order to avoid confusion, the word "strain" in the remainder of this paper is applied
to each of the individual pure cultures of the organism isolated from patients who had
pemphigus. It is used in the same manner in referring to streptococci isolated from patients
who had other diseases.
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centration of 0.05 per cent of formaldehyde. The set-ups were kept at 35°C. for one and a
half hours, and then were placed in the refrigerator over night. Readings were made on
removal from the incubator and again on the following morning. Little variation was noted
in these readings.
As is indicated in table 3, each of the immune rabbit serums and the immune
horse serum agglutinated to some degree all and, to a marked degree, most of
the sixteen strains of the streptococcus isolated from patients who had pemphigus,
TABLE 3
Agglutination reactions. Individual serums obtained from thirteen rabbits immunized with
single strains and the serum of a horse immunized with a mixture of seven strains of strep-
tococci isolated from patients who had pemphigus, agglutinate sixteen strains of streptococci
isolated from patients who had the same disease.
STREPTOCOCCI PROM PATIENTS
WITH:
INDIVIDUAL SERUMS PROM RABBITS IMMUNIZED TO SINGLE
STRAINS OF STREPTOCOCCI ISOLATED FROM PATIENTS
WHO HAD PEMPNIGUS (DILuTION 1:20)
SNB
N0
z
N
S
Rabbit
NC
Nz0
N
N
NC
N
175 176 177 178 179 180 181 182 183 184 185 186 187
Pemphigus (single
strains)
Lupus erythematosus
(single strains)
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
1
6
7
1+
3+
3+
3+
4+
2+
1+
1+
1+
1+
1+
3+
1+
1+
2+
2+
2+
4+
4+
2+
4+
1+
4+
1+
3+
1+
1+
3+
3+
4+
1+
2+
2+
4+
3+
3+
3+
1+
3+
1+
2+
1+
1+
2+
4+
4+
2+
3+
..1C
a)C
SC
N
ax00
2+
4+
3+
4+
4+
1+
3+
3+
1+
1+
1+
1+
3+
4+
3+
3+
2+
4+
3+
4+
4+
1+
4+
3+
3+
1+
3+
3+
3+
4+
4+
4+
1+
3+
3+
4+
4+
1+
2+
2+
2+
1+
2+
2+
2+
4+
2+
2+
1+
4+
2+
3+
2+
3+
2+
2+
2+
1+
2+
2+
3+
4+
2+
2+
1+
3+
2+
4+
4+
2+
3+
3+
3+
1+
1+
3+
3+
4+
1+
1+
2+
3+
2+
4+
4+
1+
3+
2+
3+
1+
1+
3+
4+
4+
2+
2+
3+
4+
3+
3+
4+
1+
3+
3+
1+
1+
1+
3+
3+
4+
1+
2+
4+4+3+
4+4+4+
4+4+4+
3+3+4+
4+4+4+
2+1+2+
4+2+3+
3+3+3+
4+3+2+
1+1+1+
4+2+1+
1+2+2+
1+4+3+
4+4+4+
3+3+3+
4+3+3+
1+
4+
4+
1+
1+
4+
3+
3+
1+
3+
3+
3+
4+
4+
3+
CON-
TROLS
(1:20)
B a)I I0 0
0 0
O IjIIf
Dermatitis herpetifor-
mis (pool of
strains) II 1
— —
three
Arthritis (pool of six — — —
strains) ,4'5418
The horse was immunized with a mixture of seven strains of streptococci derived from
patients who had pemphigus.
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but failed to agglutinate the control streptococci obtained from patients who had
lupus erythematosus, dermatitis herpetiformis and arthritis respectively (pool
5418).
TABLE 4
Agglutination reactions between single strains of the streptococcus isolated from patients who
had pemphigus and pooled immune rabbit serums and immune horse serums
HORSE SERUM (1:2000) POOLED RABBIT SERUM (1:200)
I I j LI I
STRRPTRCOcCI PROM PATI-
ENTSWEOEAP: . .l'o V F . . .r 'a
. • ;
.
.5g U
..-. 0 8z — 8
Pemphigus (single 20 3+ 2+ — — — — 2+
strains 21 2+ 2+ — — — — 2+ — — 1+ — —
22 4+ 3+ 2+ 1+ 1+ — 3+23 4+ 4+ 2+ 2+ 2+ 1+ 3+ 1+ 2+ 1+ 1+ 1+
24 3+ 4+ — 1+ — — 4+
25 2+ 2+ — — — — 2+ 1+ 1+ 1+ 1+ 1+26 4+ 4+ 1+ — — — 4+ 2+ — — 1+ —
27 4+ 3+ 2+ 1+ 1+ 1+ 3+283+ 4+ — — — —4+
294+ 4+ — — — —4+ — 1+ — — —
Arthritis (pool of six — — —
strains) #5418
Dermatitis herpetifor-
niis (pool of nine
strains)
1+ — 1+ 1+ 3+ — — 3+ — 1+ —
Lupus erythematosus
(pool of eight strains)
— — 4+ 3+ — —
Erythema multiforme — 1+ — 3+ 1+ 1+ — — — 4+ —
* Seventy-three other strains isolated from patients who had pemphigus gave approxi-
inately the same results as did the ten recorded above.
After demonstrating cross agglutination with each immune rabbit serum a
pooi was made containing equal quantities of the thirteen serums. This pooi
5This suspension of streptococci and the sispension of streptococci (7593) from patients
who had encephalitis were given to me by Rosenow.
20 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
of immune rabbit serums and the serums from two horses (97 and 99), after
immunization for eighteen months were used as agglutinating serums to test
other individual heterologous strains isolated from patients who had pemphigus.
As is shown in table 4, the serums from horses 97 and 99 and the pooi of immune
rabbit serums described above agglutinated each of ten individual heterologous
strains of streptococci isolated from patients who had pemphigus. It is also
shown that the control immune serums from horses 103, 104 and 105 immunized
for more than one year with streptococci isolated from patients who had lupus
erythematosus, erythema multiforme and dermatitis herpetiformis respectively
and control pooled serums obtained from rabbits similarly immunized agglu-
tinated to some extent some of the ten strains of streptococci isolated from
patients who had pemphigus. A few of the strains of streptococci which were
agglutinated by these control immune serums also were agglutinated slightly in
physiologic solution of sodium chloride, in the serum from a normal horse and
in a pool of serums from normal rabbits. None of the control suspensions of
streptococci isolated from patients who had dermatitis herpetiformis or lupus
erythematosus or erythema multiforme was agglutinated in the pooled serums
obtained from rabbits immunized with streptococci isolated from patients who
had pemphigus: two of these suspensions were slightly agglutinated in the
immune horse serums, namely, that isolated from patients who had dermatitis
herpetiformis was agglutinated by the serum from horse 97 and that isolated from
patients who had erythema multiforme was agglutinated by the serum from horse
99. Each of these three control suspensions was agglutinated strongly in the
serum obtained from the horse and in the pool of serums obtained from rabbits
immunized with streptococci isolated from patients who had the respective
disease. A pool of six strains isolated from patients who had arthritis was not
agglutinated by any of these pooled immune rabbit serums or by the horse
serums. Seventy-three other strains of streptococci isolated from patients who
had pemphigus gave approximately the same results as given by the ten recorded
in table 4.
It is apparent after consideration of the results recorded in this table, that
enough similarity exists between streptococci isolated from patients who had
pemphigus, lupus erythematosus, erythema multiforme and dermatitis her-
petiformis respectively to produce some cross agglutination in the serums ob-
tained from animals which were immunized for extended intervals with these
individual organisms.
Agglutinin-absorptiort in pooled immune rabbit and immune horse serums.—In
table 5 it is shown that by absorption of the pooled immune rabbit serum and of
the immune horse serum by a single strain of the streptococcus isolated from a
patient who had pemphigus, the agglutinins for all of the sixteen strains and for
a pool of nineteen strains which were shown to be agglutinated by the untreated
serums (table 3), were removed.
Serums for absorption were diluted 1:10. Suspensions of the organisms to be used for
absorbing the serums were made from the dense stock suspensions (T about 500). Incuba-
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tion was carried out at 35°C. for one and a half hours, after which the set-ups were kept in
the refrigerator over night. The organisms were removed from the serum by centrifuga-
tion. After the serum had been thus treated it was diluted further and was used for agglu-
tination tests.
Absorption of the pooled immune rabbit serum by control strains isolated
from patients who had lupus erythematosus and of the immune horse serum by
control strains isolated from patients who had dermatitis herpetiformis failed
TABLE 5
Agglutinin-absorption reactions. Absorption from pooled immune rabbit serums and from
immune horse serum of agglutinins for sixteen strains of streptococci isolated from patients
who had pemphigus by single strains of streptococci from patients who had the same disease.
RABBIT SEBiThIS (1:20) SORSE SEEmS (1:20)
STREPTOCOCCI FROM PATIENTS V.50 SAD:
Pemphigus (single strains)
Pooled immune
Treated with
Streptococci
from:
° LupusSO erythe-
.0 matosus
(eight
strains)
3+ — 3+2+ — 2+2+ — 2+4+ — 4+4+ — 4+1+ — 1+4+ — 4+3+ — 3+4+ — 4+
1+ — 1+4+ — 4+4+ — 4+4+ — 4+3+ — 3+4+ — 4+4+ — 4+
N
NS
z
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
I
Immune horse 597
Treated with
streptococcifrom:
Derma—
• titis
herpeti-
n formis
(seven
p.. Strains)
4+ — 4+4+ — 4+4+ — 4+4+ — 4+4+ — 4+4+ — 4+4+ — 4+4+ — 4+4+ — 4+4+ — 4+4+ — 4+4+ — 4+4+ — 4+3+ — 3+4+ — 4+4+ — 4+
a0
p
'S
0z
Pool of nineteen strains 102 — 4+ — 4+ — 4+ — 4±
Lupus erythematosus (pool of eight
strains) 104
Dermatitis herpetiformis (pool of nine
strains) 103
Arthritis t 5418 (pool of six strains)
* Agglutinin-absorption was demonstrated by treating these immune serums with nine
other individual strains of streptococci isolated from patients who had pemphigus.
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to show removal from either of these serums of the agglutinins for any of the
sixteen strains or from the pooi of nineteen strains of streptococci derived from
patients who had pemphigus; these serums thus treated acted exactly as did the
untreated serums. Absorption of the agglutinins from the pooled immune
rabbit serum was demonstrated with nine other individual strains of the organ-
ism isolated from patients who had pemphigus. Using the immune serum from
horse 99, it was demonstrated (table 6) that absorption by single heterologous
strains (56 and 92) of streptococci derived from patients who had pemphigus
removed from this serum agglutinins for forty other heterologous strains of
streptococci derived from the same source. Absorption of this serum by control
streptococci derived from patients who had dermtitis herpetiformis and from
patients who had arthritis failed to remove from it the agglutinins for the forty
strains of streptococci isolated from patients who had pemphigus. Absorption
of the agglutinins from this serum was demonstrated with three other heter-
ologous strains of the streptococcus isolated from patients who had pemphigus.
Precipitin reactions between immune horse serum and alkaline-saline extracts of
the streptococcus.—Tests were performed for precipitin reactions between the
undiluted immune horse serum and alkaline-saline extracts of each of ten in-
dividual heterologous strains of the streptococcus isolated from patients who had
pemphigus.
The antigens for these reactions were prepared as follows: Suspensions of the strepto-
cocci, T 1,000 in a 0.9 per cent solution of sodium chloride with the pH adjusted to 8.Oto8.4,
were made from the dense stock suspensions in glycerine (two parts) and 25 per cent sodium
chloride solution (one part) which had been kept in the refrigerator for six to eighteen
months. These suspensions were incubated at 35°C. for forty-eight hours and were stored
in a refrigerator for six to twelve months during which time they were shaken twice weekly.
They were then centrifuged at high speed for thirty minutes and the cleared supernatant
material was pipeted off and was used directly.
Using the above undiluted antigens, precipitin reactions were performed by the method
described by Rosenow (31, 32) except that the set-ups were heated in a water bath at45°C.
for one and a half hours and then were kept in the refrigerator over night. Examination for
precipitation was made at fifteen-minute intervals during the last hour of heating and again
on the following morning.
Each of the ten undiluted extracts tested gave strong precipitin reactions (4
plus according to Rosenow's (32) scale) with the undiluted serum obtained from
the horse which had been immunized with other strains of streptococci isolated
from patients who had pemphigus. Negative results from the tests were ob-
tained with the serum obtained from a normal horse and with the serum ob-
tained from a horse which had been immunized with streptococci isolated from
patients who had arthritis. Control tests with the serums obtained from three
other horses immunized individually with streptococci isolated from patients
who had dermatitis herpetiformis, lupus erythematosus and erythema multi-
forme respectively, also gave some positive reactions with the above extracts.
These reactions, however, were weaker and, for the most part were graded 1 plus
to 2 plus.
Further tests were made between each of these ten undiluted extracts and the
above immune serums (except the anti-arthritis serum) and euglobulin solutions
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TABLE 6
Agglutinin-absorption reactions. Absorption from immune horse serum of agglutinins for
forty strains of streptococci isolated from patients who had pemphigus by single strains
of streptococci isolated from patients who had the same disease.
HORSE 99 IMMUNIZED WITN NINETEEN STRAINS
PROM PEMPHIGUS SERUM (1:2000)
SODIUM
NORMAL Treated with streptococci from: CHLO-
_______
RIDESTRAIN HORSESTREPTOCOCCI FROM PATIENTS WHO HAD: SOLO-NUMBER SERUM Derma- TION(1:2000) Un- Fern- Fern- titis Arthritis CONtreated phigus phigus herpeti- (SiX TEOL(strain (strain formis
56) 92) (nine Strains)
strains)
Pemphigus (single strains) 21 2+ — — 1+ 2+ —
22 4+ — — 4+ 4+ —
24 4+ — — 3+ 4+ —
25 4+ — — 2+ 4+ —
26 4+ — — 2+ 4+ —
27 2+ — — 2+ 2+ —
28 4+ — — 4+ 4+ —
29 + — — 2+ 3+ —
30 4+ 4+ 3+ —
31 — 4+ — — 3+ 4+ —
32 — 3+ — — 3+ 3+ —
33 — 3+ — — 3+ 3+ —
34 — 2+ — — 2+ 2+ —
35 — 2+ — — 2+ 2+ —
36 — 4+ — — 4+ 4+ —
38 — 4+ — — 4+ 4+ —
39 — 4+ — — 4+ 4+ —
40 — 4+ — — 4+ 4+ —
41 — 4+ — — 3+ 3+ —
42 — 3+ — — 3+ 2+ —
44 — 4+ — — 4+ 4+ —
46 — 4+ — — 4+ 4+ —
50 — 2+ — — 2+ 2+ —
52 — 4+ — — 3+ 4+ —
54 — 3+ — — 3+ 3+ —
62 — 4+ — — 2+ 3+ —
65 — 4+ — — 4+ 4+ —
75 — 4+ — — 2+ 4+ —
87 — 4+ — — 4+ 4+ —
85 — 3+ — — 3+ 2+ —
83 — 4+ — — 2+ 2+ —
84 — 3+ — — 2+ 3+ —
86 — 3+ — — 3+ 3+ —
90 — 4+ — — 3+ 3+ —
92 — 4+ — — 3+ 4+ —
95 — 4+ — — 3+ 4+ —
97 — 4+ — — 4+ 4+ —
106 — 4+ — — 3+ 3+ —
109 — 3+ — — 3+ 2+ —
114 — 4+ — — 2+ 4+ —
— — — — — — —
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of equal concentrations from these serums, titrating the whole serums and the
euglobulin solutions.
The euglobulin fraction of the serums was precipitated by diluting the serums ten times
in 0.1 per cent hydrochloric acid and distilled water, the temperature of which had been
lowered to 8°C. These suspensions were kpt in a refrigerator at 8°C. for twenty-four
hours and then the precipitated euglobulin was removed by centrifugation at 1600 revolu-
tions per minute (10 inch radius) for forty-five minutes in a refrigerated centrifuge. The
packed euglobulin obtained from each serum was dissolved in twenty times it own volume
of 0.9 per cent solution of sodium chloride. These solutions were slightly turbid and were
cleared by one filtration through Berkefeld N filters.
Positive reactions were obtained between each of the extracts and the whole
serum obtained from the horse which had been immunized with streptococci
isolated from patients who had pemphigus in dilutions of 1:1,000 to 1:5,000 and
with the euglobulin solution obtained from this serum in dilutions of 1:100 to
1:500. Positive reactions were obtained with the whole immune control serums
only in dilutions of from 1:10 to 1:100 and with the euglobulin solutions ob-
tained from these control serums only when these solutions were undiluted or
were diluted 1:5.
These results indicate that the precipitinogen in alkaline-saline extracts of
each of ten individual heterologous strains of streptococci isolated from patients
who had pemphigus was strongly precipitated by the precipitins in the serum
obtained from a horse immunized with other heterologous strains of strepto-
cocci obtained from the same source. These results suggest that theprecipitino-
gens in each of the ten extracts are identical and it is presumptive evidence that
the different strains of streptococci from which these extracts were obtained are
identical in type.
The weak cross precipitin reactions obtained between these extracts and the
control immune serums suggest that the streptococci isolated from patients who
had the three control diseases are related to but are distinct from the strepto-
coccus isolated from patients who had pemphigus. Further control tests be-
tween these alkaline-saline extracts and the serum obtained from a horse which
had been immunized with streptococci isolated from patients who had arthritis
and the serum obtained from a normal horse gave entirely negative results.
Precipitin reactions between immune horse serums and the specific soluble poly-
saceharide substance of the streptococcus.—Tests were performed for precipitin
reactions between the undiluted immune horse serums and the specific soluble
polysaccharide substance (hereafter abbreivated to S.S.P.) prepared from each
of ten individual heterologous strains of streptococci isolated from patients who
had pemphigus. The S.S.P. was prepared by the method described by Yen and
Kurotchkin (57). Freshly isolated and rapidly handled strains were used be-
cause it was found that such strains yielded more S.S.P. than did strains which
had been kept on laboratory media for any very long periods of time. Biuret
and ninhydrin tests made on these extracts gave negative results. The technic
used in these tests was that already described in the preceding section of this
paper.
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Each of the ten S.S.P. solutions obtained, in a concentration of 1:5,000 in 0.9
per cent solution of sodium chloride, gave strong precipitin reactions (4 plus) with
the undiluted serum obtained from the horse which had been immunized with
streptococci isolated from patients who had pemphigus. Negative results were
obtained from tests between these S.S.P. solutions and the serum obtained from
a horse which had been immunized with streptococci obtained from patients
who had arthritis and with the serum from a normal horse. Other control tests
with the serum obtained from each of three other horses, which had been im-
munized with streptococci isolated from patients who had dermatitis herpeti-
formis, lupus erythematosus and erythema multiforme respectively, gave posi-
tive reactions with some of the above S.S.P. solutions. These reactions were
weaker and were graded 1 plus to 2 plus.
Further tests between the above undiluted immune serums and each of these
ten S.S.P. solutions were done using the S.S.P. solutions diluted 1: 5,000, 1:7,500,
1:10,000, 1:20,000, 1:50,000, 1:100,000 and 1:500,000. Positive tests were ob-
tained between the undiluted serum obtained from the horse whièh had been
immunized with streptococci insolated from patients who had pemphigus and
each of the S.S.P. solutions in concentrations varying from 1:50,000 to 1:100,000.
Control tests between the undiluted serum obtained from each of three other
horses, immunized individually with a streptococcus isolated from patients who
had dermatitis herpetiformis, lupus erythematosus and erythema multiforme
respectively and these S.S.P. solutions were positive in dilutions of 1:5,000 to
1:10,000.
Tests between each of these ten S.S.P. solutions in a concentration of 1:5,000
and these immune horse serums were made, using the serums diluted 1:10, 1:50,
1:100, 1:500, 1:1,000, 1:5,000, 1:10,000, and 1:50,000. Positive results were
obtained from tests made between each of these ten S.S.P. solutions and the
serum obtained from the horse which had been immunized with streptococci
isolated from patients who had pemphigus, in dilutions of 1:1,000 to 1:5,000.
The three control immune serums gave positive results from tests in dilutions of
1:10 to 1:100.
Solutions of euglobulin of equal concentrations were prepared from each of
these four immune serums in the manner described in the preceding section of
this paper. Precipitin reactions were done between each of the ten S.S.P.
solutions at a concentration of 1:5,000 and these euglobulin solutions, undiluted
and diluted 1:10, 1:50, 1:100, 1:500, 1:1,000, 1:3,000 and 1:5,000. Positive
reactions were obtained between each of the S.S.P. solutions and the euglobulin
solution prepared from the serum obtained form the horse which had been im-
munized with streptococci isolated from patients who had pemphigus, in dilu-
tions of 1:1,000 to 1:3,000. The control euglobulin solutions prepared from the
other three immune horse serums gave positive reactions with these S.S.P. solu-
tions only when undiluted or when diluted 1:10 to 1:50.
From these results it can be seen that the S.S.P. solutions obtained from each
of ten individual heterologous strains of streptococci isolated from patients who
had pemphigus were strongly precipitated by the serum obtained from a horse
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TABLE 7
Reduction of the cataphoretic mobility of eighteen heterologous strains of streptococci isolated
from patients who had pemphigus: (1) by the serum of a rabbit immunized with one strain
and () by the serum of a horse immunized with a mixture of seven strains derived from
patients who had pemphigus
b AVERAGE REDUCED MOBILITY
(MICRONS PER SECOND, VOLTS PER CM.)
STREPTOCOCCI ISOLATED NROM o Rabbit serum Horse serum
PATIENTS wno MAD: a (1:800) (1:800)
Inimune Normal Immune Normal
Pemphigus (single 1 2.65 1.08 (59%)* 2.09 (22%) 1.19 (55%) 2.34 (12%)
strains) 2 1.94 0.94 (52%) 1.67 (14%) 1.19 (39%) 1.88 (3%)
3 3.34 0.88 (74%) 1.86 (44%) 1.14 (66%) 2.65 (21%)
4 1.84 0.93 (49%) 1.78 (3%) 1.21 (34%) 1.84 (0%)
5 2.25 0.97 (57%) 1.89 (16%) 1.16 (48%) 2.31 (+2%)
6 2.94 0.90 (69%) 2.67 (9%) 1.25 (57%) 2.16 (27%)
7 2.16 0.92 (57%) 1.69 (22%) 1.24 (43%) 1.86 (14%)
8 2.90 0.91 (69%) 2.42 (17%) 1.12 (61%) 1.87 (36%)
9 1.97 0.79 (60%) 1.85 (6%) 1.26 (36%) 2.15 (+9%)
10 3.12 1.11 (64%) 2.28 (27%) 1.26 (60%) 2.18 (30%)
11 2.25 0.96 (57%) 1.70 (24%) 1.33 (41%) 2.04 (9%)
12 2.46 1.00 (59%) 1.91 (22%) 1.22 (50%) 2.07 (16%)
13 1.80 0.98 (46%) 1.99 (+11%) 1.21 (33%) 1.76 (2%)
14 2.73 1.13 (59%) 2.03 (26%) 1.41 (48%) 2.67 (2%)
15 3.01 1.40 (65%) 2.31 (23%) 1.32 (56%) 2.53 (16%)
16 3.27 1.02 (69%) 2.67 (18%) 1.20 (63%) 2.05 (37%)
17 3.10 0.93 (70%) 2.78 (10%) 1.39 (55%) 2.10 (32%)
18 2.54 0.98 (66%) 2.44 (4%) 1.18 (54%) 2.08 (18%)
Lupus erythematosus
(pool of seven strains)
1
to
7
1.61 1.31 (18%) 1.63 (+1%) 1.86 (+14%) 1.74 (+8%)
Dermatitis herpitiformis
(pool of two strains)
1
and
2
2.19 1.56 (28%) 1.57 (28%) 1.83 (16%) 1.71 (21%)
Encephalitis 7593 (pool of
six strains)
1.99 1.60 (20%) 1.84 (8%) 1.79 (10%) 1.88 (6%)
Arthritis 5418 (pool of six
strains)
2.02 1.74 (14%) 2.17 (+7%) 2.20 (+9%) 2.17 (+7%)
* Figures in parentheses represent the average reduction of mobility, expressed in per
cent, under the average mobility in the sodium chloride solution control. Explanation of
the occasional plus sign in the control columns is given in the text.
fThe serums of each of twelve other rabbits each immunized with another heterologous
single strain of the streptococcus isolated from patients who had pemphigs gave similar
results.
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which had been immunized with other heterologous strains of streptococci ob-
tained from the same source. This suggests that the S.S.P. obtained from each
of the ten strains of streptococci is identical and, therefore, that the different
strains of streptococci from which these ten S.S.P. solutions were obtained are
identical in type. It is also apparent that the S.S.P. from each of these ten
straiils isolated from patients who had pemphigus was precipitated but to a
much lesser degree by the serums obtained from three horses immunized in-
dividually with streptococci isolated from patients who had dermatitis her-
petiformis, lupus erythematosus and erythema multiforme respectively. The
cross precipitin reactions with the above immune serums suggest that the S.S.P.
obtained from streptococci isolated from patients who had pemphigus is dis-
tinct from, but related to, the S.S.P. in streptococci isolated from patients who
had the other three diseases named.
Reduction of the cataphoretic mobility of the streptococcus by immune animal
serum.—It has been shown by Rosenow (34,35,37), by Rosenow and Jensen (40),
by Shibley (43), by Mellon and Grenquist (26), and by Thompson (45) and others
that the cataphoretic mobility of streptococci is markedly reduced when these
organisms are treated with serums containing antibodies specific for them.
The cataphoretic mobility of the streptococcus isolated from patients who had
pemphigus was determined in immune rabbit serum and in immune horse serum
by means of the Mudd assembly of the Northrop-Kunitz apparatus which has
already been described.
The technic employed in these studies was as follows: The original pure cultures of the
different strains of streptococci in dextrose brain broth on isolation from patients and on
recovery from animals, after four to ten hours' incubation at 35°C., were used when possible.
If delay was unavoidable, these original cultures were suboultured as rapidly as possible
(about every two to three hours) in dextrose brain broth and the earliest possible subculture
was used. Each of several gallon bottles containing about 3,000 cc. of 0.2 per cent dextrose
meat extract broth (see under "Method of preserving the streptococcus") was inoculated
with the fluid contents of one tube of the dextrose brain broth cultures described above.
These bottles were incubated at 35°C. for fourteen to eighteen hours. Some strains seemed
to have reached their maximum growth in about twelve hours and these were allow to stand
at room temperature, about 25°C., for four hours. The streptococci were removed and were
preserved in the manner described in the preceding section just referred to.
The suspensions of streptococci for these experiments were made from the stock suspen-
sions mentioned above. These dense suspensions were diluted in 4 ounces of triple distilled
water to T 11,000, 0.06 cc. of fresh formaldehyde (making a dilution of 0.05 per cent) was
added and the bottles were corked and an even suspension was obtained by shaking on the
shaking machine for three minutes. These suspensions were kept in the refrigerator at
8°C. for one week and then were used directly. One cc. of this diluted suspension and 1 cc.
of diluted serum (1:400 in 0.9 per cent solution of sodium chloride) were measured with
chemically clean pipets, were placed in chemically clean test tubes and were thoroughly
shaken. Thus, the final concentration of serum was 1:800. A control consisting of 1 cc.
of suspension of bacteria and 1 cc. of 0.9 per cent solution of sodium chloride was similarly
prepared. Four tubes were prepared at one time and this set-up was incubated at 35°C.
for fourteen minutes.6 The set-up was taken from the incubator and the content of each
61n earlier experiments (54) ten tubes were included in one set-up. Such set-ups were
incubated one and a half'hours at 35°C. and were allowed to stand for one hour at room
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tube was diluted immediately with 6 cc. of distilled water. The contents of each tube were
poured individually into the cataphoresis cell of the Mudd Assembly of the Northrop-
Kunitz apparatus and readings were made at once. Not more than four tubes were put in
one set-up, since, if more were added, before all tubes could be read, the difference between
the time at which the first and last tubes remained at room temperature would be so great
that the readings could not be regarded as comparable.
The cataphoresis cell must he kept scrupulously clean for these experiments. This was
accomplished before tests were made each day by filling the cell and its connecting tube
with cleaning solution (sulphuric acid 40 per cent and potassium bichromate 0.05 per cent)
and by allowing this solution to stand in the cell for five minutes. The cleaning solution
was removed by running several gallons of distilled water through the cell. The same pro-
cedure was repeated using a solution of 95 per cent alcohol (two parts) and ether (one part)
instead of using the cleaning solution.
Before a serum-treated suspension was put into the cell, the microscope was focused in
the manner already described in this paper (see under "Cataphoretic mobility"). The
suspension was poured into the cell and contact with the zinc-zinc sulphate electrodes was
established through the two-way stopcocks in the connecting tubes. The electric circuit
was completed through the two-way switch and about a minute was allowed for a state of
equilibrium to become established. Movement of the bacteria was then observed closely.
Movement that is free but jerky (organisms stop, jerk back and then continue) indicates the
presence of some electrolyte in the system—either zinc sulphate from the electrodes, or acid,
or alkali from the glassware, or diluents of the bacteria, or serum. If such was present,
operations were immediately halted until the source of this action was found and was
eliminated. If the motion of the bacteria was found to be free and even and alike in op-
posite directions, by reversing the current, ten organisms were timed across two squares on
the ocular micrometer (48.1 microns) and the actual mobility was derived from these
readings by use of the formula already given. Measurements by Pratt and by Sheard
(personal communication) have indicated that the mean potential gradient (v/w) across
the cell under the conditions of these experiments with serums is less than that already
described so that the mobility equals instead of The motion of the streptococci
in their migration across the field was studied carefully and observations were recorded.
After preparation the suspensions of the different strains of streptococci used in these
experiments were found to be stable for this test for intervals varying from one to three
weeks. This time interval varied inversely with the age of the original suspension, that is,
the period of time that these organisms had been kept as stock suspensions in glycerine
(two parts) and 25 per cent solution of sodium chloride (one part). This time interval was
temperature, (25° C.) before reading. The shorter interval of incubation was adopted
after Heilman (personal communication), working in the laboratory of Rosenow, found that
the maximum specific action was manifested in that period of time. The action between
antigen and antibody is apparently reversible and is continually in a process of change.
That this action goes through a definite cycle was shown by incubating identical set-ups for
various periodsof time and by allowing them to stand at room temperature for varying time
intervals. At the two intervale used here there was most specific action and least non-
specific action. The long interval was satisfactory for potent, fresh strains but the shorter
interval was better for strains which had been stored for any very long period of time. On
the whole, there was less nonspecific action with the short perod of incubation than with
the long one and it was more convenient—hence, it was adopted. It has also been found
that at the short interval of incubation one need not make up the suspensions of strepto-
cocci in the manner described above, or treat them with formaldehyde, or let them stand
until stabilized. Stock suspensions preserved in the manner already described may be
diluted in water to half the density mentioned above and may be used directly.
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determined for each new antigen used. The cell was thoroughly washed by running
distilled water through it after each suspension was read.
Care must be exercised in obtaining serums for these studies. After at least twelve
hours' fasting the blood should be drawn into a dry, sterile syringe, should be transferred to
chemically clean glass tubes, and the serum should be removed from the clot as soon as pos-
sible and should be stored in chemically clean tubes in the refrigerator.
Fresh zinc sulphate should be put around the zinc electrodes daily provided the cell is
given much use. This is necessary because during use the zinc sulphate is gradually
diluted.
As is indicated in table 7, the serum of one rabbit (185) which was immunized
with only one strain and the serum of a horse (97) which was immunized with a
mixture of seven strains of the streptococcus isolated from patients who had
pemphigus greatly reduced the mobility of each of eighteen individual heter-
ologous strains from the same source, as compared with their average mobility
in a solution of sodium chloride. The normal control rabbit and normal horse
serums reduced the mobility of each of these same strains only to a very slight
degree as compared with the reduction produced by the immune serums. The
same two immune serums reduced the mobility of the control streptococci ob-
tained in a study of four other diseases only a little more than did normal rabbit
serum and normal horse serums. The serums of twelve other rabbits, each
immunized with a single heterologous strain of the streptococcus isolated from
patients who had pemphigus, gave results similar to the serum from rabbit 185.
A few of the control streptococci in the immune serums showed increased mo-
bility over their mobility in salt solution and a few streptococci isolated from
patients who had pemphigus in normal animal serums showed increased mobility
over their mobility in salt solution (indicated by "-F" in front of percentage
figures in the tables).
The results recorded above demonstrate that, in the case of the immune rab-
bit serum, one strain and, in the case of the immune horse serum, seven strains
of the streptococcus isolated from patients who had pemphigus produced anti-
bodies for eighteen heterologous strains from the same source. This is considered
as further evidence of the identity of these different strains.
Cataplwretic mobility in immune serums from which antibodies had been ab-
sorbed.—It was then demonstrated that the mobility reducing action of the
immune horse serum and of the pooled immune rabbit serums on the strepto-
cocci isolated from patients who had pemphigus could be removed by absorp-
tion of the antibodies from these serums with single heterologous strains of the
streptococcus isolated from other patients who had pemphigus.
The serums for absorption were treated by the method described under "Agglutinin
absorption in pooled immune rabbit serum and immune horse serum." After absorption
the serum was diluted 1:400. The set-ups were made and were treated exactly as has been
described in the section immediately preceding this one.
In table 8 it is evident that the pooled immune rabbit serum from which
antibodies had been absorbed by a single strain (18) and the immune horse serum
from which antibodies had been absorbed by a single strain (17) of the strepto-
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coccus isolated from patients who had pemphigus reduced the mobility, as
compared with the average mobility in a solution of sodium chloride, of four
single strains and of a pool of nineteen strains of streptococci isolated from pa-
tients who had pemphigus only a small percentage as compared with the great
TABLE 8
Removal from pooled immune rabbit serums and from immune horse serum of their mobility
reducing action on strains of streptococci isolated from patients who had pemphigus by
absorption with single heterologous strains of streptococci derived from other patients who
had pemphigus.
STREPTOCOCcI FROM PATIENTS
WIrE:
'.
ur'
Z
:-
S
,,
AVERAGE MOBiLITV IN SERUMS PROM ANIMALS (MICRONS PER
SECONU, VOLTS PER CM.) (DiLutioN 1:400)
—
Rabbits (pool of 13) im- Horse immunized
munized with the strepto- with the streptococcus from
coccus from pemphigus pemphigus
Treated with Normal Treated with
Streptococci rabbit streptococciIrom from:serumUnab- Unab-
sorbed Pemphi- Arthri- sorbed Pemphi- Arthri-
gust tis, tis,
strains strain 17 stfainsstrain18t
NORMAL
RORSE
SERUM
Pemphigus (single
strains)
12.19
52.24
33.34
91.96
1.14
(48%)*
1.15
(49)%
0.87
(74%)
0.79
(49%)
1.91
(13%)
1.82
(19%)
1.82
(46%)
1.82
(7%)
1.15
(47%)
1.20
(47%)
0.90
(73%)
0.82
(58%)
2.00
(9%)
1.92
(14%)
1.86
(44%)
1.85
(6%)
1.08
(51%)
1.25
(44%)
1.70
(49%)
1.18
(40%)
1.79
(18%)
1.77
(21%)
2.72
(19%)
1.94
(1%)
1.02
(54%)
1.13
(49%)
1.67
(50%)
1.15
(37%)
1.66
(24%)
1.77
(21%)
2.65
(21%)
1.91
(3%)
Pool of nineteen strains
%102
2.16 1.03
(52%)
1.95
(10%)
1.06
(51%)
2.06
(5%)
1.12
(48%)
1.74
(9%)
1.13
(48%)
1.63
(25%)
Dermatitis herpetiformis
(strain 1)
2.17 1.80
(17%)
1.86
(14%)
1.80
(17%)
1.86
(14%)
1.87
(14%)
1.74
(20%)
1.76
(19%)
1.77
(18%)
Lupus erythematosus
(strain 2)
1.71 1.60
(6%)
1.63
(.5%)
1.63
(5%)
1.63
(5%)
1.84
(+8%)
1.81
(+6%)
1.80
(+5%)
1.80
(+5%)
* Figures in parentheses represent the average reduction of mobility, expressed in per
cent, under the average mobility in the sodium chloride solution control. The explanation
of the occasional plus sign in the control columns is given in the text.
f Similar results were obtained in further experiments, of which the above is an example,
using as many as eighteen different test strains and absorbing the above immune serums
with strains other than 17and 18isolated from patients who had pemphigus.
amounts in which the mobility of the same streptococci was reduced by the
same serums with antibodies unabsorbed. It can be seen that these serums when
thus treated reduced the mobility of these streptococci isolated from patients
who had pemphigus little or no more than did the normal rabbit serums and the
normal horse serum. The pooled immune rabbit serum and the immune horse
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serum treated with streptococci isolated from patients who had arthritis be-
haved practically as did these same serums when untreated.
Reduction of the average mobility of control streptococci was slight and prac-
tically the same whether the serums were treated or untreated.
Similar results were obtained in further experiments of which those recorded
in table 8 are examples; as many as eighteen different test strains of the strepto-
coccus isolated from patients who had pemphigus were used and the immune
serums were treated with strains other than numbers 17 and 18, isolated from
patients who had pemphigus.
Removal from these immune serums of the mobility reducing action on heter-
ologous strains of streptococci isolated from pateints who had pemphigus, by
absorption with single heterologous strains of streptococci from the same source
TABLE 9
Precipitin reactions between cleared nasopharyngeal washings and the serums of horses
immunized with streptococci isolated (1) from patients who had pemphigus and () from
patients who had five other diseases, respectively
NASOPHARYNGEAL WASHINGS PROM
PATIENTS WHO UAD
U N
INCIDENCE OF POSITIVE REACTIONS IN SERUMS FROM HORSES IMMUNIZED
WITH STREPTOCOCCI ISOLATED FROM PATIENTS WHO HAD:
Pemphi-
guS(horse
99)
Derma-
titis
herpeti-
fOrmiS
(horSe
104)
Lupus
erythema-
tOSUS
(horse
103)
Erythenla
multi-
forme
(horse
105)
Encepha-
(horse
96)
Arthritis
(horse 94)
NORMAL
HORSE
Pemphigus 20 120 96
(80%)
48
(40%)
38
(31.6%)
44
(36.6%)
15
(12.5%)
7
(5.8%)
2
(1.6%)
Other skin diseases
(herpes zoster, pityri-
asis rosea, lichen
planus, seleroderma,
Hodgkin's disease, and
so forth)
33 33 2
(6%)
3
(9%)
1
(3%)
4
(12.1%)
6
(18.1%)
5
(15.1%)
0
is regarded as further evidence of the identity of those individual strains of
streptococci.
EXPERIMENTS TO ESTABLISH A SPECIFIC RELATIONSHIP BETWEEN PATIENTS WHO
HAD PEMPHIGUS AND THE STREPTOCOCCUS
Precipitin reactions between cleared nasopharyngeal washings obtained from
patients who ha4 pemphigus and immune animal serums.—Tests were performed
for precipitin reactions between the cleared nasopharyngeal washings obtained
from patients who had pemphigus and the immune horse serums and pooled
immune rabbit serums after the method described by Rosenow (32), except that
incubation was carried out in the manner described under "Precipitin reactions
between immune horse serum and alkaline-saline extracts of the streptococcus."
As is shown in table 9, positive reactions were obtained in ninety-six (80 per cent)
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of the 120 tests made with the serum obtained from the horse (99) which had
been immunized with streptococci isolated from patients who had pemphigus.
These same washings, when tested by the same method with control serums
obtained from horses 104, 103 and 105 which had been immunized with strepto-
cocci obtained from patients who had dermatitis herpetiformis, lupus cry-
thematosus and erythema multiforme respectively, gave positive precipitin
reactions in forty-eight (40 per cent), in thirty-eight (31.6 per cent) and in forty-
four (36.6 per cent) respectively of the 120 tests made. Other control tests
made with these same washings and with the serums obtained from two other
horses immunized with other types of streptococci and with the serum obtained
from a normal horse gave positive precipitin reactions in a very small percentage
of instances. The serum from horse 99 gave positive precipitin reactions with
only two (6 per cent) of thirty-three tests with the cleared nasopharyngeal
washings obtained from patients who had other skin diseases.
TABLE 10
Precipitin reactions between cleared na8opharyngeal washings and pooled serums obtained
from rabbit8 immunized with streptococci (1) from patients who had peniphigus and (2)
from patients who had three other diseases, respectively
NASOPHARVNGEAL WASHINGS PROM PATIENTS
WHO BAD:
N
INCIDENCE OP POSITIVE REACTIONS IN
POOLED SERUMS PROM RABBITS IMMUNIZED
WITH STREPTOCOCCI ISOLATED THOM
PATIENTS WHO HAD: NORMAL
RABBIT
SERUM
1
(1.5%)
Pemphi-
gus
49
(76.5%)
Deia-titis
herpeti-
formiS
32
(50%)
Lupus
erythema-
tosus
29
(45.3%)
Erythema
multi-
forme
30
(46.8%)
Pemphigus 15 64
Other skin diseases (herpes zoster,
pityriasis rosea, lichen pianos, and so
forth)
20 20 2
(10%)
2
(10%)
1
(5%)
2
(10%)
1
(5%)
In table 10 it is shown that positive reactions were obtained in forty-nine (76.5
per cent) of the sixty-four tests made with the pooled serums obtained from rab-
bits immunized with streptococci isolated from patients who had pemphigus
and the cleared nasopharyngeal washings obtained from patients who had pem-
phigus. Only two (10 per cent) of the tests made between this pooi of serums and
the washings obtained from patients who had other skin diseases gave positive
precipitin reactions. 0niy one of these sixty-four tests (1.5 per cent) was posi-
tive with normal rabbit serum. The pooled control serums obtained from rab-
bits immunized with streptococci isolated from patients who had dermatitis
herpetiformis, lupus erythematosus and erythema multiforme respectively gave
positive precipitin reactions with the washings obtained from the nasopharynges
of patients who had pemphigus in 50 per cent, in 45.3 per cent, an in 46.8 per
cent respectively of the sixty-four tests made.
From the results of these tests it seems fair to assume that the cleared naso-
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pharyngeal washings obtained from patients who had pemphigus contain a
precipitinogen which is precipitated in a high percentage of the tests made with
the serum obtained from a horse (99) and with the pooled serums obtained from
rabbits immunized with the streptococcus isolated from other patients who had
pemphigus.
Precipitin reactions between blister fluid from. patients who had pemphigus and
immune horse serums.—Tests for precipitin reactions were done between the
fluid contents of fresh blisters obtained from each of eight patients who had
pemphigus and the serums obtained from one normal horse and from five horses
individually immunized with streptococci isolated from patients who had pemphi-
gus, dermatitis herpetiformis, lupus erythematosus, erythema multiforme and
arthritis, respectively.
When these blister fluids were used undiluted positive reactions (graded 4+)
were obtained between each specimen of blister fluid and the serum obtained
from the horse which had been immunized with streptococci isolated from pa-
tients who had pemphigus, Positive reactions (graded 1 + to 2+ but occa-
sionally graded 3+) were also obtained between these specimens of blister fluid
and the serums of the horses immunized with streptococci isolated from patients
who had dermatitis herpetiformis, lupus erythematosus and erythema multi-
I orme, respectively. In only one instance was a positive reaction (graded 1+) ob-
tained with the serum obtained from the horse immunized with streptococci
isolated from patients who had arthritis. None was obtained with the normal
horse serum.
By titrating these first four undiluted immune serums against each specimen
of blister fluid diluted in 0.9 per cent solution of sodium chloride in series, in
multiples of two, it was demonstrated that each sample of blister fluid gave
positive precipitin tests in greater dilution with the serum obtained from the
horse which had been immunized with streptococci isolated from patients who
had pemphigus than with the control serums.
The fluid obtained from blisters of patients who had pemphigus was thus
shown to contain a precipitinogen which was precipitated in great dilution by
the serum obtained from a horse immunized with streptococci isolated from
patients who had pemphigus, in a much lesser dilution by the serum obtained
from horses immunized individually with streptococci isolated from patients
who had dermatitis herpetiformis, lupus erytbematosus and erythema multi-
forme respectively, but, not at all, by the serum of a horse immunized with
streptococci isolated from patients who had arthritis or by the serum of a normal
horse.
Precipitin reactions between alkaline-saline extracts of the streptococcus and the
serums obtained from patients who had pemphigus.—Tests for precipitin reactions
between the alkaline-saline extracts of each of ten individual heterologous strains
of streptococci isolated from patients who had pemphigus and twenty-five
heterologous serums obtained from patients who had pemphigus were performed.
The technic used is described under 'Precipitin reactions between immune horse
serum and alkaline-saline extracts of the streptococcus." The bacterial ex-
34 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
extracts and serums were used undiluted. Of these tests 60.4 per cent were
positive (graded 3+ to 4+). Only 18 per cent of control tests between each
of these extracts and twenty serums obtained from patients who had dermatitis
herpetiformis, lupus erythematosus and erythema multiforme respectively,
were positive (graded 1 + to 2+). None of the control tests between each of
these extracts and five serums obtained from normal persons was positive.
Precipitin reactions between the specific soluble polysaccharide substance of the
streptococcus and the serums of patients who had pemphigus.—Tests were performed
for precipitin reactions between the S.S.P. solutions (diluted 1:5,000) obtained
from each of ten heterologous strains of streptococci isolated from patients who
had pemphigus (obtained by the method indicated under 'Precipitin reactions
between immune horse serum and the specific soluble polysaccharide substance
of the streptococcus") and twenty-five heterologous serums (used undiluted)
obtained from patients who had pemphigus. Of these tests 68.5 per cent were
positive (graded 3+ to 4+). Only 19.5 per cent of control tests between each
of these ten S.S.P. solutions and twenty serums obtained from patients who had
dermatitis berpetiformis, lupus erythematosus and erythema multifome re-
spectively, gave positive results (usually graded 1+, occasionally 2+). None
of the control tests between each of these S.S.P. solutions and serums obtained
from five normal persons gave positive results.
Reduction of the cataphoretic mobility of the streptococcus by serums obtained
from patients who had pemphigus.—The cataphoretic mobility of streptococci
isolated from patients who had pemphigus was determined in human serums.
The technic used in these studies was identical with that described for study of
animal serums under "Reduction of the cataphoretic mobility of the strepto-
coccus by immune animal serums," except that the human serums were diluted
1:320. In table 11 it is shown that the serum obtained from a patient who had
pemphigus (case 75) markedly reduced the mobility of eleven individual heter-
ologous strains of streptococci isolated from patients who had pemphigus, as
compared with their average mobility in a solution of sodium chloride. The
control serums obtained from three patients (cases 77, 83, and 66) reduced the
mobility of the same eleven strains of streptococci isolated from patients who had
pemphigus about equally and little more than did the serum obtained from a
normal person. Control streptococci isolated from patients who had respectively
five other diseases had their mobility reduced little, or no more by the serum
obtained from the patient who had pemphigus (case 75) than by the serum ob-
tained from a normal person. It can be seen that the serums obtained from the
patients who had lupus erythematosus (case 77), dermatitis herpetiformis (case
83), and erythema multiforme (case 66), respectively reduced to any great ex-
tent only the mobility of the streptococcus isolated from patients who had the
respective disease. The serums obtained from twelve other patients who had
pemphigus gave results similar to those recorded for case 75 with the same anti-
gens. The results of these tests may be interpreted as further establishing
the identity of the individual strains of streptococci isolated from patients who
had pemphigus.
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Cataphoretic mobility in human serums from which antibodies had been absorbed.
—It was demonstrated that the specific mobility-reducing action of the serums
TABLE 11
Reduction of the average mobility of eleven single heterologous strains of streptococci isolated
from patients who had pemphigus by the serum of a patient who had pemphigus
STREPTOCOCCI
ISOlATED PROM
PATIENTS WHO HAD:
I
'
j
S
•':
AVERAGE REI)UCED MOBILITY IN SERtThSS PROM PATIENTS WHO HAD:
(ancRoNs PER SEC., VOLTS PER cas.) (DILUTION 1:320)
Pemp
case
Lupus erythe-
matosus
(case 577)
Dermatitis
herpetiformis(case 583)
Erythema
multiforme
(Case 566)
Normal
Pemphigus (single 1 2.65
strains) 21.94
3 3.34
41.84
52.25
62.94
72.16
91.97
112.25
122.46
131.80
0.86 (68%)*
0.94 (52%)
0.88 (74%)
0.83 (55%)
0.87 (61%)
0.82 (72%)
0.89 (59%)
0.61 (69%)
0.83 (63%)
1.66 (73%)
0.65 (64%)
1.68 (37%)
1.45 (25%)
1.53 (54%)
1.49 (19%)
1.48 (34%)
1.52 (48%)
1.51 (30%)
1.35 (31%)
1.41 (37%)
1.41 (42%)
1.40 (23%)
1.97 (26%)
1.58 (18%)
1.44 (57%)
1.61 (12%)
1.60 (29%)
1.54 (48%)
1.53 (29%)
1.60 (19%)
1.40 (38%)
1.54 (37%)
1.43 (21%)
1.46 (45%)
1.53 (21%)
1.46 (66%)
1.40 (24%)
1.46 (35%)
1.44 (51%)
1.43 (34%)
1.46 (26%)
1.47 (35%)
1.52 (38%)
1.47 (18%)
2.15 (19%)
1.73 (11%)
1.92 (43%)
1.88 (+2%)
1.97 (12%)
2.38 (19%)
1.71 (21%)
1.81 (8%)
1.87 (17%)
1.99 (19%)
1.93 (+7%)
Lupus erythemato-
sus (pool of
strains 1—7)
1.61 1.60 (1%) 0.71 (56%) 1.62 (+1%) 1.53 (5%) 1.81 (+12%)
Dermatitis herpeti-
formis (pool of
strains 1 and 2)
2.19 1.74 (20%) 1.57 (28%) 0.88 (60%) 1.62 (26%) 1.81 (17%)
Erythema multi-
forme (pool of
strains 1 to 4)
1.951.65 (15%) 1.62 (16%) 1.60 (17%) 0.97 (50%) 1.80 (7%)
Encephalitis (pool
of six strains
% 7593)
1.99 1.71 (14%) 1.68 (16%) 1.68 (16%) 1.75 (12%) 1.84 (8%)
Arthritis (pool of six 2.02
strains 5418)
2.05 (+1%) 2.00 (1%) 1.96 (3%) 1.91 (5%) 2.12 (+5%)
* Figures in parentheses represent the average reduction of mobility, expressed in per
cent, under the average mobility in the sodium chloride solution control.
obtained from patients who had pemphigus on the streptococci isolated from
patients who had pemphigus could be removed by absorption with heterologous
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strains of streptococci isolated from patients who had the respective disease.
The technic used was the same as that described for study of animal serums,
under "Cataphoretic mobility in immune serums from which antibodies had
been absorbed," except that the human serums were diluted 1:320. In table
12 it is shown that the mobility-reducing aetion of the serums derived from two
patients (cases 75 and 82) who had pemphigus on three individual heterologous
strains of streptococci isolated from patients who had pemphigus is removed
by absorption of these serums with each of two single strains (5 and 1 respec-
TABLE 12
Removal from the serums obtained from patients who had pemphigus of the mobility reducing
action on the streptococci isolated from patients who had pemphigus by absorption with
single heterologous 8trains of streptococci derived from other patients who had this disease
STREPTOCOCCI PROM PATIENTS
WIIOHAD: '1B
z
5,
U
'I,,z ,
5or'P,
N
.
AVERAGE MOBILITY IN SEIWMSf PROM PATIENTS
WHO HAD ss1'rneus (MIcRoNS PER SEC., VOLTS PER CM.)
(DILUIIoNl:320)
NORMAL
SERUM
Unab-
sorbed
Case 515 treated
with streptococci
from:
Derma-
Pemphi- titisherpeti-gus formisstrain S
103
Unab-
sorbed
Case 582 treated
with streptococci
from:
Lupus
Pemphi- erythe-
gus matoSus
strain I pool
104
Pemphigus (single
strains)
3
4
12
3.34
1.84
2.46
0.88
(74%)*
0.83
(55%)
0.66
(73%)
2.36
(29%)
2.12
(+15%)
2.19
(11%)
1.10
(64%)
1.19
(35%)
1.06
(57%)
0.65
(81%)
0.70
(62%)
0.95
(61%)
3.16
(5%)
3.00
(+63%)
3.06
(+24%)
1.29
(68%)
1.27
(31%)
1.20
(51%)
1.92
(43%)
1.88
(+2%)
1.99
(19%)
Lupuserythematosus
(single strain)
2 1.92 1.52
(21%)
1.88
(3%)
1.63
(16%)
1.52
(21%)
2.17
(+13%)
1.73
(10%)
1.84
(4%)
Dermatitisherpetiformis
(single strain)
1 2.17 1.78
(18%)
1.75
(20%)
1.65
(24%)
1.57
(28%)
2.69
(+23%)
1.73
(21%)
1.89
(13%)
* Figures in parentheses represent the average reduction of mobility, expressed in per
cent, under the average mobility in the sodium chloride solution control.
t Similar results were obtained by absorption of eight other serums obtained from
patients who had pemphigus with still other individual heterologous strains of streptococci
isolated from patients who had pemphigus.
tively) of the streptococcus isolated from patients who had pemphigus. Ab-
sorption of one serum (case 75) with a pooi of strains of streptococci isolated from
patients who had dermatitis herpetiformis and absorption of the other serum
(case 82) by a pooi of strains of streptococci isolated from patients who had lupus
erythematosus failed to remove the mobility-reducing action of these serums
on the three individual strains of streptococci isolated from patients who had
pemphigus. These serums, after treatment with the control streptococci,
acted almost as strongly as did the untreated serums, whereas these serums
absorbed with the single strains of streptococci isolated form patients who had
•2.S
1
U,
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pemphigus reduced the mobility of the heterologous streptococci isolated from
patients who had pemphigus little or no more than did normal serum.
Each of these serums when treated or untreated reduced the thobility of the
control streptococci isolated from patients who had lupus erythematosus and
from patients who had dermatitis herpetiformis to about the same extent, and
reduced the mobility of these control streptococci to a much lesser degree than
each serum, when untreated and when nonspecifically absorbed, affected the
mobility of the streptococci isolated, from patients who had pemphigus.
It can be seen that the serums from these patients who had pemphigus when
absorbed with heterologous strains of streptococci isolated from patients who
had pemphigus reduced the mobility of the control and of the respective strepto-
cocci about equally. Each of these serums untreated and each serum treated
with control streptococci markedly reduced the mobility of the respective strep-
Fm. 7. Lesion 1 is a large, flaccid bulla without an inflammatory base produced by a
large subcutaneous injection; lesion 2 is a hemorrhagic bulla produced by a small intra-
dermal injection of the dead specific streptococcus into a patient who had pemphigus.
tococci and did not reduce that of the controls. Similar results were obtained
by absorption of other serums from patients who had pemphigus with still other
individual heterologous strains of streptococci isolated from patients who had
the same disease. The above-described phenomenon may also be interpreted
as evidence of the identity of the individual strains of streptococci isolated from
patients who had pemphigus.
Intradermal and subcutaneous injection of dead organisms into patients who
had pemphigus.—Suspensions of the organism, T 4,000, killed by heat, by form-
aldehyde solution, or by hydrochloric acid were injected intradermally and
subcutaneously into thirteen patients who had pemphigus. Bullous lesions,
rarely accompanied by inflammatory reaction, appeared in from eight to twelve
hours at the sites of these intradermal and subcutaneous injections (fig. 7).
Large doses of the dead streptococcus isolated from patients who had pemphigus
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when injected subcutaneously into five patients who had pemphigus produced
crops of new bullae in areas formerly occupied by spontaneous lesions, at the
sites of previous intradermal injection of vaccines, as well as in previously un-
involved areas.
Control intradermal injections of dead streptococci isolated from patients who
had lupus erythematosus, dermatitis herpetiformis, erythema multiforme and
other cutaneous and systemic diseases respectively, produced only areas of
erythema without bullae in a few of these thirteen patients who had pemphigus.
Intradermal injections of dead streptococci isolated from patients who had
pemphigus into patients who had lupus erythematosus, dermatitis herpetiformis
and erythema multiforme produced, in some instances, areas of erythema but
never bullae, whereas intradermal injection of these organisms into normal
persons failed to produce any reaction in most instances, but in a few, produced
slight erythema.
Intradermal antiserum test.—Intradermal injections of the whole serum from
a horse which had been immunized with seven heterologous strains of streptococci
isolated from patients who had pemphigus, into fourteen patients who had pem-
phigus produced in each patient tested the characteristic erythema-edema (EE)
reaction described by Foshay (11). Control injections of the serums obtained
from a normal horse and from immune horses specific for other unrelated diseases
elicited no reaction in these same patients. Other control injections of the
serums obtained from three horses, immunized individually with streptococci
isolated from patients who had dermatitis herpetiformis, lupus erythematosus
and erythema multiforme respectively, elicited an EE reaction in these patients
who had pemphigus but to only a very small fraction of the degree of the re-
action produced by the serum obtained from the horse which had been immunized
with streptococci isolated from patients who had pemphigus.
Solutions of equal concentration of the euglobulin fraction of the serums ob-
obtained from five horses which had been immunized individually with strepto-
cocci isolated from patients who had pemphigus, dermatitis herpetiformis, lupus
erythematosus, erythema multiforme and arthritis respectively, were prepared
in the manner described under "Precipitin reactions between immune horse
serum and alkaline-saline extracts of the streptococcus." These euglobulin
solutions obtained from the serums of the first four horses mentioned above
elicited EE reactions in these patients who had pemphigus which paralleled
exactly those described above for the whole serums from the same animals except
that with these solutions the difference in degree of reaction between the specific
and nonspecific serums was greater. Intradermal control injections of the whole
serum and of the euglobulin fraction of the serum obtained from the horse which
had been immunized with streptococci isolated from patients who had pemphigus
into normal persons and into patients who had unrelated cutaneous and systemic
diseases elicited no reaction whatever.
From these reactions it would seem that the streptococci isolated from patients
who had these four diseases are related but are not identical in type. As Foshay
has pointed out, this reaction is a bacterial specific response and is wholly un-
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related to the phenomenon of serum protein sensitization. He has stated that
this reaction has been seen only when a patient having a given bacterial infection
has been skin-tested with an antiserum specific for that infection. Foshay
himself skin-tested one patient who had pemphigus, with the euglobulin solution
which I prepared from the serum of a horse immunized with streptococci iso-
lated from patients who had pemphigus, together with appropriate controls.
He reported a positive EE reaction was elicited in that patient with the euglobulin
solution which I had sent him (personal communication).
SUMMARY
The morphologic, cultural, staining and fermentation characteristics of a strep-
tococcus which has been isolated from patients who had pemphigus are described.
It has been shown to have a characteristic cataphoretic mobility distribution
curve, and has been found to be virulent for five species of animals and it pro-
duces lesions consistent with those of pemphigus in a few instances.
The different strains of this streptococcus have been shown to be serologically
identical through the following procedures: (1) agglutination reactions between
immune horse serums and immune rabbit serums and heterologous strains of the
streptococcus; (2) reciprocal agglutinin-absorption reactions with heterologous
strains of the streptococcus; (3) precipitin reactions between immune serums and
alkaline-saline extracts of heterologous strains of the organism; (4) precipitin
reactions between immune serums and the specific soluble polysaccharide sub-
stance of heterologous strains of the organism; (5) the cataphoretic mobility-
reducing action of immune serums on heterologous strains of the organism, and
(6) reciprocal absorption of the specific mobility-reducing action of immune
serums.
A specific relationship between the patients who had pemphigus and this
streptococcus has been demonstrated by the following methods: (1) precipitin
reactions between the nasopharyngeal washings obtained from patients who had
pemphigus and the serums of animals immunized with the specific streptococcus;
(2) precipitin reactions between the blister fluid from patients who had pemphigus
and the serums of animals immunized with the specific streptococcus; (3) pre-
cipitin reactions between alkaline-saline extracts of the organism and the serums
obtained from patients who had pemphigus; (4) precipitin reactions between the
specific soluble polysaceharide substance of the streptococcus and the serums
obtained from patients who had pemphigus; (5) the cataphoretic mobility-
reducing action of the serums obtained from patients who had pemphigus on
this streptococcus; (6) absorption by heterologous strains of the streptococcus
of this specific mobility-reducing action from the serums obtained from patients
who had pemphigus; (7) production of bullae by intradermal and subcutaneous
injection of the dead organism into patients who had pemphigus, and (8) pro-
duction of the erythema-edema (EE) reaction of Foshay in patients who had
pemphigus by intradermal injection of immune horse serum.
It has also been shown that streptococci isolated from patients who had
dermatitis herpetiformis, disseminate lupus erythematosus and erythema multi-
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forme exudativum respectively, are similar but are not identical in type with the
streptococci isolated from patients who had pemphigus.
COMMENT
If the material presented here is to be accepted as factual, pemphigus must
be considered a streptococcal disease in which the streptococcus is present on
the mucous membranes and in foci from which repeated showers of organisms
enter the blood stream. The bullae and other lesions of the skin must be in-
terpreted as the result of reaction in a sensitized individual to the organism
itself, or to products of growth of the organism in that person.
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